Objective: To validate a new training module for skilled and semiskilled birth attendants authorized to provide care at birth-Helping Mothers Survive: Bleeding After Birth (HMS:BAB)-aimed at reducing postpartum hemorrhage, the leading cause of maternal mortality worldwide. BAB training involves single-day, facility-based training that emphasizes simulation of scenarios related to prevention, detection, and management of postpartum hemorrhage. Methods: A total of 155 skilled and semiskilled birth attendants participated in training in India, Malawi, and Zanzibar, Tanzania. Knowledge and confidence were assessed before and after training. Skills and acceptability were assessed after training. Results: Knowledge and confidence scores improved significantly from pre-to post-training among all cadres in all three countries. The proportion of providers with passing knowledge scores increased significantly from pre-to post-training among all cadres except for those already high at baseline. On three post-training skills tests the overall proportion of individuals with a passing score ranged from 83% to 89%. Conclusion: BAB training in prevention and management of postpartum hemorrhage increased knowledge and confidence among skilled and semiskilled birth attendants. Further studies are needed to determine the impact of this training on skills retention and clinical outcomes following postpartum hemorrhage, after broader implementation of the training program.
Introduction
Postpartum hemorrhage is the leading cause of maternal mortality worldwide, accounting for one-quarter of maternal deaths [1, 2] . The global incidence of postpartum hemorrhage has been reported at 10.8%, with a range from 7.2% in Oceania to 25.7% in Africa [3] . Globally, more than 13 million of the 136 million women giving birth each year suffer from postpartum hemorrhage, primarily caused by uterine atony [4] .
Active management of the third stage of labor (AMTSL) is critical for reducing the risk of postpartum hemorrhage and has been shown to decrease postpartum hemorrhage by as much as two-thirds [5, 6] . AMTSL consists of three interventions: administration of a uterotonic within one minute of birth, controlled cord traction during contractions to deliver the placenta, and uterine massage once the placenta has delivered. Uterotonic use within one minute of birth is considered the key component in reducing postpartum hemorrhage [7] .
Training of birth attendants in AMTSL is critical to ensure that all women receive high-quality care at birth [8] . Providers need to be trained to recognize and treat postpartum hemorrhage; and need a mechanism to maintain their competencies since the actual occurrence of life-threatening hemorrhage can be relatively rare for any single provider. Simulation-based training uses a model for practice and improves acquisition of a variety of psychomotor, problem-solving, and communication skills [9] . Low-dose, high-frequency simulated practice has been associated with greater skills retention and transfer to performance, and training that occurs in close proximity to the work site has been shown to result in greater retention of skills and changes in performance [10] [11] [12] . More recently, governments are requesting on-site training or training that does not take providers away from the workplace for an extended time. Additionally, it has been acknowledged that current approaches do not always reach the cadres managing the majority of births [13] .
In conjunction with Laerdal Global Health, Jhpiego has designed a training series entitled Helping Mothers Survive (HMS). The first training module in this series is Bleeding after Birth (BAB), which is patterned after the Helping Babies Breathe training in newborn resuscitation [14] . The BAB module had not previously been validated in the field, and its effects on participants knowledge and skills had not been characterized. The objectives of the present study were to validate the BAB training module, including methods, materials, and integration with simulators for ability to transfer knowledge and skills, and acceptability to learners and facilitators, and to evaluate the psychometric properties of the learner assessment tools (construct validity using item difficulty and discrimination statistics from each of the knowledge and skills assessments).
Materials and methods
With guidance from Jhpiego country staff, 144 skilled and semiskilled birth attendants in India, Malawi, and Zanzibar, Tanzania were purposively invited to participate in the study. The intervention countries were selected based on their high burden of maternal mortality. The participants were clinical staff currently involved in bedside clinical practice in the delivery ward at peripheral and higher-level public facilities. Two guidelines were used to recruit providers: (1) providers who had attended births in the last 90 days; and (2) preference for a mix of providers from both remote and central levels of the health system. Although all participants were authorized to provide immediate postpartum care to women, two of the sites included providers who did not fully meet the international definition of a skilled birth attendant (SBA) [15] .
The study design was a pre-and post-assessment of participants in BAB training in Haldwani and Rudrapur, India, in February 2012; in Lilongwe district in Malawi, in April 2012; and in Stone Town, Zanzibar, Tanzania in July 2012. The BAB module was designed to teach birth attendants to prevent postpartum hemorrhage using international standards and a simplified protocol for management of postpartum hemorrhage. The training consists of a single-day, facility-based training emphasizing simulation of scenarios relevant to prevention, detection, and management of postpartum hemorrhage. Materials include a graphic flipbook for training, job aid for supporting clinical decisions, and handbook for facilitation and learning. An economical apron-style simulator, consisting of an abdominal "skin" containing a uterus holding a fetal mannequin, postpartum size uterus, and blood tank, was used to simulate birth, normal bleeding, and postpartum hemorrhage. Twelve experienced maternal and newborn health trainers from the intervention countries were oriented to the BAB module, simulators, skills assessment standardization, and study procedures in a two-day session conducted by the principal investigator (CLE). In India, three groups were trained with 16, 16, and 21 participants on each day. In Malawi, 22 were trained on the first day and 23 on the second. In Zanzibar there were 27 participants on the first day and 21 on the second. During all sessions there were no more than six learners to each trainer during hands on practice.
The materials, methods, and assessment tools of BAB were reviewed by the International Federation of Gynecology and Obstetrics (FIGO), the International Confederation of Midwives, the United Nations Population Fund, the World Health Organization, the Maternal and Child Health Integrated Program, the American College of Obstetricians and Gynecologists, the American College of Nurse-Midwives, and the American Academy of Pediatrics. The training module and accompanying knowledge and skills assessment were finalized and approved on October 21, 2011, at a meeting in Washington, D.C., that involved representatives from the respective organizations.
The present study focused on two levels of the Kirkpatrick model of evaluation of training: participant reaction and participant learning [16] . We measured change in four aspects of learning: BAB relevant knowledge, self-reported confidence on five clinical skills, actual clinical skills post-training, and acceptability of training materials and methods. Trainers were both participants and data collectors. Their participant role was to provide feedback on the module from a trainer perspective.
Knowledge and confidence were assessed using two pre-and posttraining oral questionnaires: 26 items for knowledge and five items for confidence. These were administered orally by trainers in the local language to eliminate bias due to variations in literacy among providers. Participants rated their confidence in providing AMTSL, treating postpartum hemorrhage, accessing advanced care, assessing the placenta, and bimanual uterine compression.
Skills were assessed using three Objective Structured Clinical Examinations (OSCEs). The three OSCEs assessed prevention of postpartum hemorrhage, management of retained placenta, and management of severe hemorrhage from uterine atony. OSCEs were conducted using simulators immediately after training. A criterion reference pass score was developed for all assessments using the Angoff procedure, with input from global organizations that reviewed the module [17] .
Acceptability of materials, methods, and specific aspects of BAB was assessed by participant evaluation questionnaires using a five-point Likert type scale (1 = "disagree" to 5 = "agree").
The Johns Hopkins Bloomberg School of Public Health Institutional Review Board (IRB) approved the protocol for this study. The study was approved by the Ministries of Health of India, Malawi, and Zanzibar and was considered exempt from review by their respective IRBs. Verbal informed consent was obtained from all participants at the start of the training event.
We based our sample on the plan to invite on 48 participants per country. Therefore, the sample size of 144 gave 85% power to detect an improvement from 35% to at least 50% in the proportion of participants who could perform AMTSL and identify signs and manage postpartum hemorrhage [8] . Continuous data were described with means and standard deviations, and categorical data were described as percentages. For comparison of pre-and post-training knowledge, skills, and confidence, paired t tests were used for continuous variables and the McNemar test was used for binary outcomes.
To validate the instrument, each of the knowledge assessment items was subsequently analyzed for item difficulty and discrimination. An item difficulty index is a ratio of the number of individuals correctly answering an item to the total number attempting to answer the item. Results range from 0.00, when all individuals answer incorrectly, to 1.00, when all individuals answer correctly. Typically, items with a difficulty index of less than 0.50 are discarded. An item discrimination index is a point biserial correlation comparing performance on a given item to overall performance on the assessment [18] . Discrimination indexes range from −1.00 to +1.00 [18] . The underlying assumption is that if performance on item response is not correlated with overall performance on the assessment, the item is defective and should be revised or discarded. All analyses were conducted using Stata 12 (StataCorp, College Station, TX, USA) and SAS version 9.1.3 (SAS Institute, Cary, NC, USA) with a type 2 error of 0.05.
Results
We invited 144 individuals to participate; however, 11 additional providers participated in the training for a total of 155. Characteristics of the study participants are shown in Table 1 . In Malawi, cadres consisted of more skilled birth attendants, compared with India and Zanzibar. The proportion of participants who performed AMTSL was relatively higher in Malawi and India compared with Zanzibar. Overall, a majority (57%) of trainees had delivered between 1 and 44 deliveries in the last 90 days and a sizable proportion (40%) had attended 45 or more deliveries. Although BAB was meant for birth attendants in active practice, overall 13% had not conducted a birth in the last 90 days.
The mean percentage of correct answers on the knowledge assessment increased significantly from pre-to post-training among all cadres and in all three countries ( Table 2 ). The proportion of participants who passed the knowledge test after training compared to before increased significantly overall, with the largest increase in the mean score and passing rate among auxiliary nurse midwives. For the 26 knowledge assessment items, difficulties ranged from 0.57 to 0.98. Thirteen items were categorized as low difficulty (0.8 to 1.0) and 13 items were categorized as moderate difficulty (0.6 to 0.8). No items were deleted owing to inappropriate difficulty (b0.50). Eighteen items demonstrated desirable levels of discrimination (≥ 0.30). No items were deleted owing to negative discrimination.
The overall self-reported confidence scores increased significantly from before to after training among all cadres, in all countries, and regardless of the amount of AMTSL experience or number of deliveries in the previous 90 days (Table 3) . Among the five confidence items assessed, confidence on bimanual uterine compression increased the most from pre-to post-training, from 2.8 to 3.8; P b 0.001 (not shown).
Pass rates on OSCEs were similar for AMTSL, retained placenta, and postpartum hemorrhage (Table 4 ). Due to implementation challenges, the simulators did not arrive in Zanzibar in time for appropriate use during preparation for training. As a result, facilitators were not standardized in providing OSCEs, therefore the OSCEs were not conducted in a standardized manner for comparison with the other countries. Malawi trainees performed comparably to India trainees on AMTSL and retained placenta. For severe postpartum hemorrhage, trainees in India scored higher than trainees in Malawi. In India, AMTSL scores were lowest for auxiliary nurse midwives, higher for nurses, and highest for doctors. However, auxiliary nurse midwives outperformed nurses on retained placenta and for severe postpartum hemorrhage. Comparing nurses across countries, performance was similar on AMTSL and severe postpartum hemorrhage. However, nurses in Malawi had higher scores than those in India on retained placenta.
The acceptability of training materials and methods, including time allotted for training of one day, was high among all cadres and countries (4.0 or above out of five items). Ratings were highest for having enough trainers, use of the simulator as a teaching tool, and training with different provider types combined. Auxiliary nurse midwives gave the lowest ranking to acceptability of materials in English, at 3.1 compared with the group mean of 4.1.
Discussion
The present study showed that one-day simulation training in postpartum hemorrhage prevention and management increased knowledge and confidence among skilled and semiskilled birth attendants in three countries. After training, over 90% of participants passed the knowledge test, and 83%-89% passed the skills assessments on AMTSL, retained placenta, and severe postpartum hemorrhage. The comparative performance of skilled and semiskilled workers was of particular interest. The ability of semiskilled workers to demonstrate skills comparable to their skilled colleagues post training suggests that greater access to this focused, simulation-based training for these cadres could give them the competency needed to effectively prevent and manage postpartum hemorrhage. BAB training resulted in significant gains in confidence among all birth attendants. Given the effect that provider self-confidence has on mediating the application of knowledge and skills, this may be the most important outcome of the training and should remain an important component of future BAB evaluations. This is particularly true for complex skills performed in emergency situations relatively infrequently and under the greatest degree of stress. Using simulation and scenario practice, BAB training focused on building confidence to perform bimanual compression of the uterus during severe postpartum hemorrhage. At the start of training, confidence levels were low for each provider cadre, but increased significantly after the training.
The participants found the BAB training methods highly acceptable, including length of the training, use of the simulators, length of time for practice, building confidence in skills, and use of mixed cadres during training, as well as overall understandability and ease of use. However, auxiliary nurse midwives in India indicated that they would have preferred the materials in the local language. This is not surprising, given their level of education and English literacy.
The training needs of those who have educational and administrative experience but who are less actively engaged in clinical practice should also be considered, since 13% of participants reported not having delivered a baby in the last 90 days.
The study strengths include implementation in three countries (two in Sub-Saharan Africa and one in South Asia) and application to a wide array of birth attendants. BAB training relies heavily on graphical materials and is not primarily language dependent. Although training materials were in English, the training was done in Hindi, a mix of Chichewa and English, and Swahili.
The study has several limitations. The sample was purposively selected and does not necessarily represent all the providers in India, Malawi, or Zanzibar; however, the sample did include various cadres of providers from remote facilities as well as centrally located areas. Similarly, the results cannot necessarily be generalized to other countries. In Malawi, both training days occurred at health facilities and several participants missed the pre-test or post-test because of labor ward responsibilities. The lack of OSCE skills assessment using a simulator before training prevents us from understanding skills gains due to BAB training. Participants' self-reported confidence data may have been influenced by desire to please the trainers. This was the first field validation of the BAB training, and this study did not have comparison groups.
Historically, training in emergency obstetric care has been carried out in longer, centralized workshops aimed at improving a large number of competencies at once in a single cadre of provider. BAB training is a departure from the large centralized workshops and is consistent with the need to reach a wider array of frontline health workers who are called upon to attend births and are not always reached by current strategies [13] . Validation of BAB was needed in order to finalize the materials and recommendations for implementation and to ensure that effective and appropriate measures will be available for monitoring and evaluation when BAB training is scaled up in low-resource countries.
As BAB training is more widely implemented, it will be important to evaluate participant performance in the clinical setting and change in health outcomes (i.e. levels 3 and 4 of the Kirkpatrick model). Further work will be needed to monitor whether knowledge, skills, and confidence are sustained over time in relationship to the frequency and pattern of low-dose, high-frequency clinical skills practice [19] . To optimize this training, we advocate evaluation of the most effective schedule of this short, frequent practice following initial introduction of BAB and In Malawi, n = 47 were trained; n = 3 are missing on OSCE and/or cadre was unrecorded. c In India, n = 53 were trained; n = 6 are missing on OSCE and/or cadre was unrecorded.
also challenges to implementation. Additionally, effectiveness or impact evaluations will be needed comparing competency, performance, and outcomes of providers who receive this training approach with providers who receive traditional training. Cost-effectiveness studies will be needed to show whether the same or higher levels of competency and performance can be achieved with fewer financial and human resources, which would facilitate scale-up. Additional training modules in the Helping Mothers Survive training series are being planned to address additional causes of maternal mortality and these will require evaluation.
